Correspondence: Yahui Liu (liuyh 2008@yeah.net) and Fang Hua (huafangjdyy@yeah.net) Background and object: Emerging evidence shows that non-coding RNA functions as new gene regulators and prognostic markers in several cancers, including liver cancer. Here, we focused on the small nucleolar RNA host gene 4 (SNHG4) in liver cancer prognosis based on The Cancer Genome Atlas (TCGA) data. Methods: The expression data and clinical information were downloaded from TCGA. Chi-square tests evaluated the correlation between SNHG4 expression and clinical parameters. Differences in survival between high and low expression groups (optic cutoff value determined by ROC) from Cox regression analysis were compared, and P-value was calculated by a log-rank test. Kaplan-Meier curves were compared with the log-rank test. GSEA and ceRNA network were conducted to explore the potential mechanism. Results: Data mining of lncRNA expression data for 371 patients with primary tumor revealed overexpression of SNHG4 in liver cancer. High SNHG4 expression was correlated with histological type (P = 0.01), histologic grade (P = 0.001), stage (P = 0.01), T classification (P = 0.004) and survival status (P = 0.013). Patients with high SNHG4 expression had poor overall survival and relapse-free survival compared with those with low SNHG4 expression. Multivariate analysis identified SNHG4 as an independent prognostic factor of poor survival in liver cancer. GSEA revealed related signaling pathway and ceRNA network explored the further mechanism. Conclusion: High SNHG4 expression is an independent predictor of poor prognosis in liver cancer.
Introduction
Liver cancer is one of the most digestive system malignancies in the world [1] . The 5-year survival rate has not improved in spite of recent advance in the treatment of liver cancer. The clinicians apply the histological classification and some biomarkers, such as Ki67, CD34, and AFP, to evaluate patients' prognosis in the nowadays. However, there is also a challenge for clinicians make a judgment of liver cancer patients' prognosis. Novel molecular classification for prognosis is urgent.
Non-coding RNA has attracted much attention recently. There have been too many researches about long non-coding RNA and microRNA in the field of oncology. Also, some molecular has been recognized as novel biomarkers for prognosis, including XIST [2] , PVT1 [3] , and MALT1 [4] . Small nucleolar RNA host gene 4 (SNHG4), a novel non-coding RNA, has first reported in the research of directly irradiated and bystander cells and was found to be up-regulated in irradiated TK6 cells but were repressed in bystander cells [5] . A recent study has revealed that lncRNA SNHG4 was associated with poor survival and recurrence in human osteosarcoma [6] . However, the prognostic role and potential mechanism of SNHG4 in liver cancer remain unclear. In the present study, we explored the SNHG4 expression in liver cancer and compared the relationship between SNHG4 expression and clinical parameters. In the further, we analyzed the effect of SNHG4 on the overall survival and relapse-free survival and made subgroup analysis to explore it in depth. Besides, we studied the related signaling pathway through GSEA and conducted the SNHG4-related ceRNA network.
Materials and methods
Data mining of TCGA database SNGH4 expression pattern and its prognostic significance were validated from liver cancer tissues paired with normal liver tissues from the TCGA database by RNAseq (IlluminaHiSeq). The optic value of SNGH4 determined by ROC was used as a cutoff for defining the high and low SNGH4 expression groups. HCCDB database (http://lifeome.net/ database/hccdb/home.html) was used to validate the results. 
Statistical analysis
Statistical analysis was performed using R (version 3.5.1) [7] and R packages including ggplot2 [8] , pROC [9] , and survival [10] . Patients were divided into two groups (SNHG4 high expression and SNHG4 low expression) by the proper threshold in ROC. Chi-squared tests were applied to assess the association between SNGH4 expression and clinicopathological features. Kaplan-Meier curve compared the overall/relapse-free survival between high and low SNHG4 expression groups with the log-rank test. The independent prognostic value of SNHG4 expression on liver cancer was assessed by univariate and subsequent multivariate Cox regression analysis. Differences were considered significant when P < 0.05.
GSEA
GSEA is a computational method that determines whether an a priori defined set of genes shows statistically significant, concordant differences between two biological states [11, 12] . In the present study, GSEA was performed by using the GSEA software 3.0 from the Broad Institute. The gene expression data were RNAseq data from TCGA-LIHC. The gene set of "h.all.v6.2.symbols.gmt", which summarizes and represents specific, well-defined biological states or processes, was downloaded from the Molecular Signatures Database (http://software.broadinstitute.org/gsea/ msigdb/index.jsp). The normalized enrichment score (NES) was acquired by analyzing with permutations for 1000 times. Gene sets with normal P-value < 0.05 and false discovery rate (FDR) < 0.25 were considered to be significantly enriched.
Conduction of ceRNA network
Differentially expression microRNAs and encoding genes between high SNHG4 group and low SNHG4 group were analyzed using limma packages [13] , and adjust P value < 0.05 is presented as significant. The predicted miRNA-mRNA interactions were obtained from starbase v2.0 (http://starbase.sysu.edu.cn/starbase2/index.php) by defeat options [14, 15] . The ceRNA network was conducted by merging DEMs, DEGs, and miRNA-mRNA interactions.
Enrichment analysis
Gene Ontology (GO) function and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were performed using the R language Cluster profiler package [16] . The cluster Profiler is a Bioconductor software package that provides statistical analysis of functional clustering of gene sets.
Results

Patient characteristics
The demographic and clinicopathological characteristics gene expression data of 371 patients with liver cancer are analyzed and shown in Table 1 .
SNHG4 expression and association with clinicopathological variables
SNHG4 expression was significantly higher in liver cancer tissues (n = 371; P < 0.05) compared with normal liver tissues (n = 50), which was validated by HCCDB database (Supplementary Figure S1 ). Furthermore, significant differences in SNHG4 expression were found based on histological grade and stage (Figure 1 ). The patients with liver cancer were divided into high and low SNHG4 expression groups. And their clinicopathological parameters and survival outcomes were described in Table 2 . The results proved a correlation between high SNHG4 expression and histological type (P = 0.01), histologic grade (P = 0.001), stage (P = 0.01), T classification (P = 0.004), and survival status (P = 0.013).
High SNHG4 expression as an independent prognostic factor for poor overall survival
High SNHG4 expression was associated with poor overall survival (P < 0.0001; Figure 2 ) , which was validated by HCCDB database (Supplementary Figure S2) . Subsequent subgroup analysis proved that high SNHG4 expression was associated with poor overall survival of patients in all subgroup except for female (P = 0.073; Figure 2 ). According to univariate analysis, stage, T classification, residual tumor, and SNHG4 expression were associated with poor overall survival (Table 3 ). Further multivariate analysis determined the independent prognostic value of high SNHG4 expression for poor overall survival of liver cancer (hazard ratio: 2.84, 95% confidence interval: 1.90-4.23, P < 0.001; Table 3 ).
High SNHG4 expression as an independent prognostic factor for poor relapse-free survival
High SNHG4 expression was associated with poor relapse-free survival (P < 0.001; Figure 3 ). Subsequent subgroup analysis proved that high SNHG4 expression was associated with poor relapse-free survival of patients in all subgroup except for female (P = 0.46; Figure 3 ) and younger (P = 0.068; Figure 3 ). According to univariate analysis, stage, T classification, residual tumor, and SNHG4 expression were associated with poor relapse-free survival (Table 
4)
. Further multivariate analysis determined the independent prognostic value of high SNHG4 expression for poor relapse-free survival of liver cancer (hazard ratio: 1.95, 95% confidence interval: 1.29-2.94, P = 0.002; Table 4 ).
SNHG4-related signaling pathway and ceRNA network
To identify SNHG4-related signaling pathway activated in liver cancer, we conducted the GSEA between low and high SNHG4 expression data sets. Significant differences (FDR < 0.25, NOM P-value < 0.05) in the enrichment of MSigDB Collection (h.all.v6.2.symbols.gmt) and the details are shown in Figure 4 and Table 5 . Oxidative phosphorylation, adipogenesis, fatty acid metabolism, bile acid metabolism, xenobiotic metabolism, and peroxisome are differentially enriched in SNHG4 expression-related phenotype. In order to explore the further mechanism of SNHG4, we select 12 down-regulated differentially expression mi-croRNAs (DEMs) and 1142 up-regulated expression encoding genes (DEGs) between low and high SNHG4 expression groups differentially. Next, we merged DEMs, DEGs and predicted miRNA-mRNA targets and conducted the SNHG4-related ceRNA network ( Figure 5A ). GO and KEGG enrichment analysis revealed the related functions and signaling pathways of mRNAs in the ceRNA network ( Figure 5B-E) . The correlation between the expression of SNHG4 and mRNAs in the ceRNA network was provided in the Supplementary Information.
Discussion
Liver cancer is associated with a high mortality rate worldwide. Despite the advance of therapies, the poor prognosis of liver cancer is still inextricability. Therefore, it is important to find reliable biomarkers for diagnosis and prognosis in liver cancer. In recent years, bioinformatics has attracted much attention because of its significance in screening markers. We also have been working on the exploration biomarkers for different types of cancer by bioinformatics [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] .
In the present study, we found the higher SNHG4 expression in liver cancer, and the relationship between SNHG4 expression and histological type, histologic grade, stage, T classification, and survival status. In the further, we analyzed the effect of SNHG4 on the overall survival and relapse-free survival, and made subgroup analysis to explore it in depth. Besides, we studied the related signaling pathway through GSEA and conducted the SNHG4-related ceRNA network.
Small nuclear RNA host genes (SNHGs), encoded by some lncRNAs, are a class of small RNA molecules and play a role in chemical modifications of other RNAs including rRNAs, tRNAs, and snRNAs. Recently, many studies have found that the aberrant expression of snoRNAs might act as an oncogene in the progression of the tumor. For example, Chen found that SNHG8 overexpressed in non-small cell lung carcinoma (NSCLC) [32] , and Dong found that SNHG8 is an oncogene in human hepatocellular carcinoma [33] , Meng found SNHG6 promotes glioma tumorigenesis in glioma [34] , and Zhu found SNHG4 overexpressed in hepatocellular carcinoma [35] . Consistent with these studies, we found higher SNHG4 expression in liver cancer and it may be a biomarker.
As for the prognostic value of SNHGs, limited studies have deeply explored it. SNHG1, SNHG3, SNHG20 have been separately proved to be a prognostic biomarker in neuroblastoma [36] , ovarian cancer [37] , and colorectal cancer [38] . Besides, only Zhu made a bioinformatic analysis of lncRNAs and found SNHG4 might be valuable prognostic markers in HCC [35] . In the present study, we also made the same conclusion that SNHG4 expression is an independent predictor of poor prognosis in liver cancer. But we further studied the prognostic value of SNHG4 in the subgroup and found its limitation in female and younger patients, which may contribute to the precision medicine.
Considering for a potential mechanism of SNHG4, related studies were rare. M. Ahmad Chaudhry first found SNHG4 might be involved in the bystander effect, a phenomenon that the irradiated cells communicate with unirradiated cells and induce changes in them [5] . Recently, Rudia Xu found that LncRNA SNHG4 promotes tumor growth by sponging miR-224-3p in osteosarcoma [6] . In the present study, we made the GSEA analysis and found that oxidative phosphorylation, adipogenesis, fatty acid metabolism, bile acid metabolism, xenobiotic metabolism, and peroxisome are differentially enriched in SNHG4 expression-related phenotype. Besides, we conducted the SNHG4-related ceRNA network and provided the clue for the future studies. There are still need to explore the underground mechanism by experiments in this field.
To our knowledge, this is the first study identifying a correlation between the expression level of SNHG4 and the prognosis of patients with liver cancer and exploring related mechanism. The results of our study have shown that the up-regulation of SNHG4 expression is associated with poor survival and has an independent prognostic role in liver cancer. Our study provides a new insight that SNHG4 played a valuable role in the prognosis of liver cancer, which may have an influence on the signaling pathway and laid a foundation for further studies to explore the SNHG4-related ceRNA mechanisms in deep.
